Abstract. In this paper, we present several gravity tests made in using the last INPOP08 planetary ephemerides. We first propose two methods to estimate the PPN parameter β and its correlated value, the Sun J2 and we discuss the correlation between the Sun J2 and the mass of the asteroid ring. We estimate possible advance in the planet perihelia. In the end we show that no constant acceleration larger than 1/4 the Pioneer anomaly can affect the planets of our solar system.
plays also a key role in this phenomena. Indeed, usual expression of the advance of perihelion is given by (Will 2006) ∆ω = 2π(2γ − β + 2)GM sun a(1 − e 2 )c 2 + 3πJ 2 R 2 sun
where G and c are the newtonian gravitational constant and the speed of light in a vacuum, respectively; J 2 and R sun are the Sun oblateness and the Sun equatorial radius;
a and e are the semi-major axis and the eccentricity of the precessing planet. One can immediately suspect that it is not possible to do a relevant estimation of PPN β without considering Sun J 2 . Furthermore, it may be not possible to decorrelate safely these two quantities with only one planet. With INPOP08 (Fienga et al. 2009 ), MEX and VEX tracking data have lead to an important improvement of Mars and Venus orbits, respectively. It is then suitable to take advantage of this new situation by attempting to decorrelate these parameters.
Indeed, the impact of the Mars and VEX observations is not only limited to the improvement of the planet dynamics. They also play a role in the determination of parameters such as the asteroid masses, the oblateness of the Sun and the PPN parameter β. The ratio between the uncertainties of the observations and the sensitivity of the observed orbit to the GR modifications has been evaluated by dividing the cumulative advance of the perihelion over a period of time corresponding to the time span of observations by the angle uncertainty of INPOP and presented in table 1. If the amplitude of the advance of the perihelion on Venus and Mars orbits is considered for a set of observations of equivalent accuracy, Venus data will be seven times more efficient to test general relativity and to estimate the sun J2 than Mars. If VEX mission is prolongated from 2 years to 4 years and if VLBI observations are done from the tracking of the spacecraft with an accuracy of about 1 mas, VEX data will be then as important for the PPN testing and Sun J2 estimations as the direct 800-meter accuracy radar ranging on Mercury. Besides, the Mars data are still very important because of the long time span of observations of very good quality obtained since the Viking mission in 1978.
Thanks to the informations brought by the combination of very accurate tracking data of spacecraft orbiting different planets, the planetary ephemerides become then an interesting tool for gravity testing. In the following, we give some examples of such tests.
2. Determination of PPN β and sun oblateness J2
Correlation between sun J2 and asteroid modeling
The advance of the perihelion induced by general relativity and sun J2 has an impact very similar to the advance induced by the main-belt asteroids on inner planet orbit. In INPOP08, a ring was fixed to average the perturbations induced by the main-belt asteroids which cannot have their signal fitted individually on tracking observations. This ring has its physical characteristics (mass and distance to the sun) estimated independantely from the fit by considering the albedos and physical properties of 24635 asteroids (for more details see for instance Kuchynka et al. 2008) .
As illustrated on figure 1, there is a correlation between the effect on the geocentric distance of the modeling of the ring as done in INPOP08 in one hand and the effect of the sun oblatness in the other hand. Indeed, on these plots, one may see how a small change in the value of the sun J2 (12%) induces after the refit of the planet initial conditions a periodic effect very similar in amplitude and frequency on Mercury, Mars and Venus distances to the Earth than a change in the mass of the asteroid ring (17%). Besides, the Saturn-Earth distances are not affected in the same way. As the ring does not affect the outer planets as it does on the inner planet, it becomes possible to decorrelate the signal induced by a small change in J2 from the one procuced by the ring when one can note an inversion of the GM signal for example in 2006. This result is consistent with the analytical study done by Iorio (2007) concluding also to the importance of taking into account the effects of asteroids on planetary orbit during relativistic tests.
It stress also the crucial importance of having a modeling of the asteroid perturbations as a fixed ring characterized independantly from the fit of planetary ephemerides.
We limit then a surestimation of the value of the sun J2 melting in this value some effects induced by the asteroids. 
Estimations by least squares
The first approach is based on the classic least square estimation of parameters during the fit of planet equations of motion to observations. To check numerically the simplied assertion made in introdcution (section 1), we estimate here what is the impact of each To take into account the correlation between J 2 and β, we use two modes of adjustments: in the mode1, β or J 2 are fitted alone with the initial conditions of planets; in the mode2, both parameters are fitted simultaneously with the initial conditions of planets.
The results are summarized in table 2. One can first notice that the determinations of sun J 2 and β made separately (i. e. mode1) give better σ than fits including simultaneous (β, J 2 ) determination (mode2). This is obviously consistent with the expected result relative to the determination of correlated parameters. The best results for a correlated determination of J 2 and β (mode2) are then obtained when only the most accurate observations of Mars (MGS/MO, MEX and Vking) and Venus (VEX) are used simultaneously.
Moreover, we note that the combined use of Venus ranging data and the complete data set for Mars do not really improve the separated determination (mode1) of β and J 2 , mainly due to the low accuracy of these observations, but a contrario it gives better correlated estimations (mode2). This is also consistent with the fact that fitting over observations from two different planets helps to decorrelate safely J 2 and β. Furthermore, the Viking data by prolonging the fit interval with observations of rather good accuracies allow a decreasing of the uncertainties of about 20 % for J 2 and about 10% for β.
Finally, it appears that the VEX data improves the determinations in a significant way:
decreasing of 31 % of the least squares σ of the J 2 estimation and 48 % for β. Less than 2 years of VEX data have a bigger influence than a large interval (more than 30 years) of accurate Mars observations. This is especially relevant for the PPN parameter β with an improvement of about 48% of the accuracy between a determination including only Mars data and another one with both Mars and VEX data. In the same time, the improvement induced by the addition of Viking data is about 20 % for the J 2 and 10% for the PPN parameter β. These figures show the crucial role of the VEX data before the use of future data from the ongoing generation of Mercury orbiters.
Incremental method and sensitivity estimation
An original strategy to study the sensitivity of the planetary ephemerides to J2 and PPN β is to estimate how does differ from INPOP08 an ephemerides built using different values for J2 and PPN β and fitted on the same set of observations as INPOP08. Such differences give an indication on how observations are sensitive to these parameters and with what accuracy can we estimate a parameter such as β.
To test such sensitivity, we focus our attention on the postfit residuals of the most accurate dataset used in INPOP08 adjustement: the Mercury direct range because of its sensitivity to general relativity and to the sun J2, VEX, MEX and MGS/MO data because of their high accuracy and simulated S/N presented on table 1 and the Jupiter Galileo data and Saturn Cassini normal point. These 2 latest data sets are selected because they induce a global improvement of the planetary ephemerides in its all and especially of the Earth orbit. To estimate the sensitivity of these 7 most accurate sets of data used in INPOP08 adjustment to the variations of values of J2 and PPN β, we have estimated and plotted the ratio S/N defined as:
where σ i,j is the 1-sigma dispersion of the postfit residuals of an ephemerides based on The investigation about a statistically significant advance in the Saturn perihelion has to be continued in using more Cassini and VEX data. Indeed, a prolongation of the interval of time covered by these two datasets will improve the accuracy of the estimations.
Secular advances of planetary perihelia

Does the Pioneer anomaly impact the ephemerides ?
Since 2002 and the confirmation by several teams of the detection of acceleration anomalies in the tracking of several spacecrafts, three classes of possible explanations were the probe but also of all objects in the solar system and beyond. Thus, if the equivalence principal is followed, the equations of motion of the major planets of our solar system have also to be modified in the same manner as the spacecraft dynamical equations are.
We investigate this question by using the INPOP08 planetary ephemerides as a test bed for some hypothesis describing the pioneer anomalies. This effect cannot be absorbed by the fit or by the noise of the old Uranus observations made at that time. By changing the value of the acceleration, one sees that the acceleration must be at least 4 times smaller than the one commonly adopted to be absorbed by the residuals. For Neptune and Pluto, the situation is different. For these planets, the effect of a constant acceleration is absorbed by the fit, as one can see on figure 4 with the postfit and prefit residuals of Neptune.
Conclusions
Concerning the determination of the PPN parameter β, an estimation of the planetary ephemerides sensitivity to this parameter is done follwing two methods. Our results show that a global fit is needed in order to decorrelate parameters such as PPN β, Sun J2 and the asteroid pertubations.
We have tested possible detection of anomalous advance of perihela of planets. More investigations are needed for the analysis of the perihelion rate of Saturn and more observations of Cassini and VEX data are necessary.
Finally, the results obtained here for the Pioneer Anomaly induce that no constant plays also a key role in this phenomena. Indeed, usual expression of the advance of perihelion is given by (Will 2006) 
a and e are the semi-major axis and the eccentricity of the precessing planet. One can immediately suspect that it is not possible to do a relevant estimation of PPN β without considering Sun J 2 . Furthermore, it may be not possible to decorrelate safely these two quantities with only one planet. Thanks to the informations brought by the combination of very accurate tracking data of spacecraft orbiting different planets, the planetary ephemerides become then an interesting tool for gravity testing. In the following, we give some examples of such tests.
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